The urban mangrove of the Vitória Bay, Espírito Santo, Southern Brazil suffers from 17 anthropogenic impacts, which interfere in the foliar spectral response of its species. Identifying the 18 spectral behavior of these species and creating regression models to indirectly obtain structure data 
can affect the spectral behavior of a vegetation canopy include the type of vegetation cover; 48 orientation and spacing of trees; canopy morphology; internal structure of canopy elements; tree 49 crown diameter; tree height; water content of plant and soil; plant health conditions; zenith and 50 azimuth solar angles; latitude; and resolution of the equipment used [12] .
51
The Soil-Adjusted Vegetation Index (SAVI) seeks to mitigate the effects of soil background. It 52 was proposed based on studies carried out under different conditions of soil and vegetation cover 53 (Huete 1988), as: 54 55
, 56 57
where ρIV and ρV are the reflectances of bands 4 and 3 of the Landsat 5 satellite, and L can vary from 58 0.1 to 0.5 according to characteristics of the analyzed canopy.
59
SAVI is based on the principle that the vegetation curve tends to approach the soil curve for low 
65
Optimized SAVI (OSAVI) [18] .
66
Zhang et al. [19] discussed that, with the advent of hyperspectral sensors, other spectral indices 67 had been developed. These include the Pigment Simple Ratio (PSR), which analyzes photosynthetic 68 pigments and the Structure Insensitive Pigment Index (SIPI), which examines the structure and
69
water content.
70
Working with VIs also requires radiometric calibration. Calibration is the process of 
73
The reflectance of a target can be described as a function of the wavelength and the directions of 74 irradiation and observation, thus named Bidirectional Reflectance Distribution Function (BRDF)
75
[21]. The BRDF correction process takes into account the changes of the energy recorded in the 76 images caused by differences in geometry and instantaneous image acquisition, the anisotropy of 77 the targets, information on solar and sensor angles, and shared points in images [22] .
78
In the radiometric calibration of aerial photographs obtained with unmanned aerial vehicles
79
(UAVs), the process is carried out for each photo, and not for the whole scene as for the orbital i.e., in plots of urban mangroves, also needs to be studied [25] .
92
Therefore, this study aimed to test the feasibility of using a UAV to extract information from the 93 structure of the mangrove trees of the Vitória Bay, Espírito Santo State, Southeastern Brazil.
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Correlation analysis was performed between the data collected in situ (LAI, diameter at breast height
95
(DBH), tree height, and density of individuals) and VIs (NDVI, SAVI) from images taken by a UAV.
96
VIs were also calculated using a Rapideye satellite image, and the correlation analysis was performed
97
with the same field data to compare the results.
98
The results showed that, even for the satellite images, the correlation analysis did not have a
99
high coefficient of determination (r 2 ), suggesting that forest variability regarding the degree of 100 maturity and structural heterogeneity and LAI influenced VIs adjustment. The highest regression 101 values were obtained for the SAVI image with the most homogeneous field data, represented by R.
102
mangle plots, which also had higher LAI values.
103

Materials and Methods
104
Four study areas were defined in the mangrove of the Vitória Bay, which extends through the 
115
The UAV used was an X700 hexacopter measuring 1.05 m x 0.72 m and weighing 3 kg without 
118
Gainesville, USA) weighing 90 g. This camera has three channels with a Charge Coupled Device
119
(CCD) resolution of 1,280 x 1,024 pixels, 10-bit radiometric resolution, 5-micron pixel size, and 8.43 120 mm focal length. The aperture was set at f/3.2, with 110% exposure time and y~ 2'' capture time.
121
Tetracam ADC Snap is a non-metric, small format camera with green, red, and near-infrared (520 122 nm -920 nm).
123
LAI was obtained using the LAI 
144
The base receiver received real-time corrections from the coordinates database of the Brazilian 
151
Orthomosaic maps were generated for each band separately in the Agisoft Photoscan 
157
The radiometric calibration process was based on converting the DN of the images into a 158 reflectance factor. The spectral characterization of the calibration target (reference surface) was 159 obtained using a FieldSpec Pro model spectroradiometer (Analytical Spectral Devices, Inc.,
160
Longmont, USA). This is a portable instrument that can capture spectral data from 350 nm to 2500 161 nm with a spectral resolution of 1 nm. 
197
The relationships between the dependent variables LAI, tree height, density of individuals, and 
206
Results
207
NDVI and SAVI maps were elaborated for four sites in the mangrove. In each site, eight plots
208
were established in the field, totaling 32 plots. In the processing of aerial photos obtained by UAV,
209
there were some problems, and five plots did not have the aerial overlay. In the NDVI map, the 210 mangrove clearings showed high index values due to the wet soil and organic matter content. In the
211
SAVI map, the 0.5 adjustment factor was used, and a better result was obtained when compared to 
221
The structural data collected in the field and the spectral indices obtained from the orthomosaic
222
and Rapideye images are in Table 1 . The plot structure data were converted into estimates of basal 223 area dominance per plot (Figure 3) 296 297 298 Figure 7 shows the SRF of the two sensors and the spectral behavior of the mangrove. The
299
RapidEye satellite has the RedEdge band between 690 nm and 730 nm, which is very useful for 300 vegetation monitoring. However, it was not used in this research because our goal was to work with 
309
The same data collected in the field were correlated with NDVI and SAVI from a RapidEye 310 image. The data were significant in the regression analysis; the LAI x NDVI and LAI x SAVI r 2 were 311 0.7. 
319
The mangrove in Porto Novo suffers strong anthropogenic pressure [38] , as raw sewage and 320 landfills can be seen in the mangroves. Porto Novo had the highest diversity value of forest 321 structure. This explains the highest variability of the NDVI data from the orthomosaics. This forest,
322
as a whole, is undergoing changes in its structure, which become more evident when data from the 323 plot 3 (Table 1) 
385
The sensor coupled to the UAV needs to be evaluated concerning the spectral band sensitivity 386 and its SRF. Regarding the radiometric calibration of aerial photos, the BRDF needs to be considered 387 in future works due to variations of the θv. A critical issue in creating the BRDF is that it should be 388 done in the field, and this can be complicated since the object of study is the mangrove.
389
The NDVI map did not show a satisfactory result since the mangrove clearings had high index 390 values due to the wet soil. The SAVI map rendered a better outcome for species differentiation and 391 clearing identification. The SAVI values for L. racemosa were lower than for R. mangle, allowing 392 species discrimination and identification of the succession pattern.
393
The correlation between the dependent variable LAI (in situ) and the independent variable 394 SAVI had the r² increased from 0.43 to 0.53 when the field data of the plots with 100% dominance of
395
R. mangle or L. racemosa were used. When only the R. mangle field data of the LAI versus SAVI 396 variables were correlated, r² increased to 0.58.
397
The plots of L. racemosa showed higher density and lower LAI values, as well as greater 398 variability in the structure data. The lower LAI values contributed to increasing the influence of the 399 substrate on the spectral response of the sensor. The higher structural development of R. mangle 400 forests, their higher LAI value, and more homogeneous forests contributed to the better adjustment 401 of the data.
402
The IVs extracted from the UAV images, and the LAI data collected in the field presented low r² 403 values, partly due to the high structural variability of the studied stations, mainly concerning L.
404
racemosa. The mangrove forests of the Vitória Bay are subject to different human-induced
405
environmental tensors, such as landfills and raw sewage. This can also interfere with the 406 homogeneity of the structural data, and consequently with the spectral data. Besides, the different 407 compositions of the mangrove soil, the rate of soil cover per litter, the tidal flood pattern, the 408 interstitial salinity, and even atmospheric pollution (e.g., particulates of iron ore deposited under the 409 leaf) need to be considered in future studies, as they may interfere with the reflectance of the canopy.
410
Concerning the Rapideye image, the correlation between LAI (in situ) and NDVI (RapidEye) and
411
LAI (in situ) x SAVI (RapidEye) presented an r² of 0.7. This shows that, even when satellite images
412
with a high degree of geometric and radiometric quality were used, the correlation analysis did not
413
show a high r² value. The use of IVs for monitoring anthropogenically influenced mangroves and 414 heterogeneous structural forests is still challenging.
415
If on the one hand, the orbital images have a high degree of geometric and spectral quality, on 416 the other the images obtained by UAV have a very high spatial resolution; in addition, the time of
